Labrenzia suaedae sp. nov., a marine bacterium isolated from a halophyte, and emended description of the genus Labrenzia An endophytic, Gram-staining-negative bacterium was isolated from sterilized roots of a plant, Suaeda maritima, growing on tidal flats. Cells of the strain were motile by means of a single polar flagellum and colonies were pigmented light brown. Strain YC6927 T was able to grow at 15-37 6C (optimum at 28-30 6C) and at pH 5.0-10.0 (optimum at pH 7.0-8.0). The strain was able to grow at NaCl concentrations of 0-9.0 % (w/v), with optimum growth at 0-5.0 % NaCl.
In the course of screening endophytic bacteria from tidal flat plants, strainYC6927
T was isolated from surfacesterilized root tissues. Strain YC6927
T is phylogenetically closely related to the members of the genera Labrenzia and Stappia. Previously, the taxonomic position of the marine subdivision of Agrobacterium was reassessed, and two species belonging to the genus Agrobacterium were transferred to a new genus as Stappia aggregata and Stappia stellulata (Uchino et al., 1998) . All known strains of the genus Stappia were shown to oxidize carbon monoxide (CO) and to possess the gene for CO dehydrogenase (coxL) in a survey of the diversity of aerobic CO oxidizers (King, 2003) . Later, Stappia aggregata, Stappia alba and Stappia marina were transferred to a new genus, Labrenzia, as Labrenzia aggregata, Labrenzia alba and Labrenzia marina, based on the combination of 16S rRNA gene sequence data and the biochemical and physiological properties of members of the genera Stappia, Pannonibacter and Roseibium (Biebl et al., 2007) . At the time of writing, the genus Labrenzia consists of four recognized species; the type species is Labrenzia alexandrii. The members of the genus are Gram-staining-negative, aerobic and motile and some species are capable of synthesizing bacteriochlorophyll a (BChl a) (Biebl et al., 2007) . The aim of the present study was to determine the exact position of strain YC6927
T by a polyphasic characterization that included phenotypic and chemotaxonomic properties, detailed phylogenetic analysis based on 16S rRNA gene sequences and genetic relatedness.
A halophyte, Suaeda maritima, growing on tidal flats of Namhae Island, located in central southern Korea, was used for isolation of the bacterial strain. Strain YC6927 T was isolated as described previously (Bibi et al., 2011) . For sterilization of the root tissue, root pieces were washed and rinsed several times with tap water and finally surfacesterilized by stepwise washing in 70 % ethanol for 5 min, 1.0 % NaOCl for 10 min and 70 % ethanol for about 10 s and finally washed several times with sterile distilled water.
To confirm that the sterilization process was successful, washed root segments were placed on R2A agar (MB cell, Korea) for examination of bacterial growth after incubation at 28 u C for 5-6 days. After confirmation of the surface sterility of root segments, 1.0 g dried plant root was macerated with a sterile mortar and pestle and diluted in 9.0 ml autoclaved filtered seawater (AFS). Serial dilutions were made using AFS (10 23 to 10
25
) and 100 ml of each serial dilution was spread on 1/10 R2A plates and incubated at 28 u C for 2-3 weeks. The purified strain was maintained on marine agar 2216 (MA; Difco), marine broth 2216 (MB; Difco) and half-strength R2A agar (1/2 R2A).
Cell morphology was observed using a Nikon light microscope and a scanning electron microscope (JSM-6380LV; JEOL) and the presence of flagella was investigated using a transmission electron microscope (model H-600; Hitachi) with cells grown for 36 h at 28 u C in MB. Motility was checked using a hanging-drop method (Schaal, 1986) . The Gram-staining reaction was determined using a Gram stain kit (BD) according to the manufacturer's instructions. Strain YC6927
T was Gram-staining-negative and motile by means of a monopolar flagellum. Cells of strain YC6927 T exhibited a rod morphology and were approximately 0.5-0.8 mm wide and 1.2-2.3 mm long.
The pH range for growth was tested using MB adjusted to pH 3.0-11.0 (at intervals of 0.5 pH units) by using appropriate biological buffers (Xu et al., 2005) . The temperature range for growth was determined by incubating strain YC6927
T on MA at 5-35 u C (at intervals of 5 u C), 37 and 40 u C and the optimum temperature for growth was tested in MB by monitoring turbidity at 600 nm using a spectroscopic method (Optizen 2120UV; Mechasis). Requirement for and tolerance of NaCl was determined using NaCl-free artificial seawater medium containing 5.0 g peptone and 1.0 g yeast extract per litre, supplemented with 0-12 % (w/v) NaCl (at 1 % intervals), for 5 days at 28 u C, as described previously (Kim et al., 2007) . Growth under anaerobic conditions was evaluated by culturing the strain on MA supplemented with sodium thioglycolate (0.1 %, w/v) for 7 days at 28 uC in an anaerobic Gaspak jar containing an atmosphere of CO 2 (Gas-Pack System; BD). Catalase and oxidase activities were determined by the procedures described by Cappuccino & Sherman (2002) . The nitrate reduction assay was performed according to the procedure of Lanyi (1987) . Enzymic, physiological and biochemical characteristics of strain YC6927 T were determined by using the API ZYM and API 20 NE kits (bioMérieux) according to the procedure outlined by the manufacturer with incubation at 28 u C for 24-48 h. Physiological characteristics and enzyme activities of strain YC6927
T are listed in the species description and a comparison of selective characteristics with related type strains is given in Table 1 .
Pigments of strain YC6927
T were extracted using acetone/ methanol (7 : 2). The absorption spectrum of a cell-free extract was determined using a scanning UV/visible spectrophotometer (Optizen 2120UV; Mechasis). The absorption spectrum of the acetone/methanol extract showed maxima typical of carotenoids (340 and 365 nm). Strain YC6927 T did not produce BChl a aerobically in the dark. Production of BChl a by strain YC6927 T was investigated further by PCR amplification of the pufLM genes of the photosynthetic reaction centre by using specific primers (Kim et al., 2006) . In spite of the presence of pufLM genes, strain YC6927
T was not able to produce BChl a. This shows that the photosynthetic reaction may not be functional in this strain. In some previous studies, expression of the photosynthetic reaction centre genes was dependent on environmental (Biebl & Wagner-Döbler, 2006 ) and nutrient (Biebl et al., 2006) conditions. For analysis of the DNA G+C content, genomic DNA of strain YC6927
T was isolated and purified as described previously (Ausubel et al., 1995) . The genomic DNA was hydrolysed enzymically into deoxyribonucleosides and analysed by HPLC. The G+C content was measured from the ratio of deoxyguanosine and thymidine (Mesbah et al., 1989) . Isoprenoid quinones were extracted and analysed using reversed-phase HPLC according to the method described by Komagata & Suzuki (1987) . The G+C content of the genomic DNA was 58.5 mol%, and the major respiratory quinone was Q-10.
For 16S rRNA gene amplification, genomic DNA of strain YC6927
T was extracted using a commercially available kit (Core Biosystem) and amplified under PCR conditions described previously (Bibi et al., 2012) . The 16S rRNA gene was amplified using universal primers 27F (59-AGAGTT-TGATCCTGGCTCAG-39) and 1492R (59-GGTTACCTT-GTTACGACTT-39) and the PCR was performed with an initial denaturation step at 94 u C for 5 min followed by 30 cycles of denaturation at 94 u C for 1 min, annealing at 58 u C for 50 s and extension at 72 u C for 1 min, with a final extension step at 72 u C for 10 min. The PCR product was purified and cloned into the T-vector (RBC cloning system) and sequenced by GenoTech Inc. (Daejeon, Korea). The almost-complete 16S rRNA gene sequence of strain YC6927
T determined in this study comprised 1445 nt. The resulting sequence was compared with 16S rRNA gene sequences available in GenBank, using the BLAST program (http://www.ncbi.nlm.nih.gov/blast/) to determine the approximate phylogenetic affiliation and the CLUSTAL_X software (Thompson et al., 1997) to align the sequences of closely related organisms. Sequence similarity values were computed using the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Gaps at the 59 and 39 ends and ambiguous bases were removed from the alignment using BioEdit (Hall, 2007) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Tamura et al., 2011) algorithms in the MEGA 5.05 software (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Comparative analysis of 16S rRNA gene sequences revealed that strain YC6927 T belonged to the genus Labrenzia, exhibiting the highest sequence similarity of 97.6 % to L. marina mano18 T , 97.2 % to L. aggregata IAM 12614 T , 97.2 % to L. alba CECT 5094 T and 97.0 % to L. alexandrii DFL-11 T , while sequence similarities of 96.6-90.8 % were observed with members of other genera of the class Alphaproteobacteria. The neighbour-joining tree showed that strain YC6927
T was phylogenetically related closely to species of the genus Labrenzia and formed a tight cluster with L. marina mano18 T (Fig. 1) . Analysis with the maximum-parsimony and maximumlikelihood methods showed essentially the same topology (Fig. S1 , available in the online Supplementary Material). The coxL gene of strain YC6927
T was amplified and then sequenced according to the method of King (2003) . Strain YC6927
T possesses a putative form II coxL gene. The inferred gene sequence of the CO dehydrogenase form II large subunit of strain YC6927 T was compared with corresponding sequences from the GenBank database. Strain YC6927 T showed coxL gene sequence similarity of 85.7 % to 'Stappia conradae' MIO, 83.2 % 'Stappia kahanamokuae' HI1, 83.6 % to 'Stappia meyerae' GA15, 83.5 % to Stappia stellulata DSM 5886 T and 83.5 % to L. aggregata IAM 12614
T . The presence of the highest coxL gene sequence similarity to members of genus Stappia suggests that, like members of the genus Stappia, strain YC6927
T may oxidize CO (King, 2003) .
The cellular fatty acid profiles of strain YC6927 T and closely related strains were analysed using cultures grown in MB at pH 7.6 for 36 h at 28 u C. Cells of strain YC6927 T and closely related strains were harvested at the exponential growth phase (OD 600 0.8-1.0) for analysis of cellular fatty acids. Cellular fatty acids were saponified, methylated and extracted according to the standard MIDI protocol (Sasser, 1990) . The cellular fatty acid composition was determined by using GC (Hewlett Packard 6890) and the Microbial Identification software package (Microbial ID). The cellular fatty acid profiles of strain YC6927
T and the four reference strains analysed in this study are presented in Table 2 . Summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 65.0 %) together with summed feature 2 (iso-C 16 : 1 I and/or C 14 : 0 3-OH; 11.6 %), 11-methyl C 18 : 1 v7c (10.4 %) and C 18 : 0 3-OH (8.1 %) were the most abundant. Saturated fatty acids C 16 : 0 (2.3 %) and C 18 : 0 (2.7 %) were also detected. The cellular 
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fatty acids were most similar to those observed in members of the genus Labrenzia and clearly differentiated strain YC6927 T from phylogenetically related species (Table 2) . Minor quantitative differences in the amounts of C 18 : 0 , C 18 : 0 3-OH and 11-methyl C 18 : 1 v7c were observed between strain YC6927
T and closely related strains. The presence of C 18 : 1 v7c as a predominant fatty acid and Q-10 as the dominant lipoquinone are characteristic of members of the Alphaproteobacteria (Uchino et al., 1998; Martínez-Cánovas et al., 2004) . Polar lipids were extracted by a modified method of Minnikin et al. (1984) and separated by TLC on Merck Kieselgel 60 HPTLC. Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in butanol saturated with water followed by heating at 105 u C for 10 min (Ross et al., 1985) . Phospholipids were detected by spraying the plate with Zinzadze reagent (Dittmer & Lester, 1964) . Glycolipids were detected with 0.5 % 1-naphthol in methanol/water (1 : 1, v/v) and then with sulfuric acid/ethanol (1 : 1, v/v), followed by heating at 120 u C for 5-10 min (Xin et al., 2000) . The presence of phosphatidylcholine was detected with Dragendorff reagent (Sigma-Aldrich). Total lipids were detected by spraying with phosphomolybdic acid solution (SigmaAldrich) followed by heating at 150 u C for 10 min. Strain YC6927 T exhibited a polar lipid profile consisting of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylmonomethylethanolamine, an unknown aminolipid, an unknown phospholipid and five unknown lipids that were not stainable with reagents that specifically detect sugar moieties or an amino or phosphate group. These polar lipids (with the exception of the unknown lipids) and sulphoquinovosyldiacylglyceride (SQDG) have been detected in all reported species of Labrenzia (Biebl et al., 2007) ; SQDG was not detected in strain YC6927 ( Chung et al., 2013) , lack SQDG, which is found in other members of this genus. Based on the results of polar lipid analysis for strain YC6927 T obtained in this study, it is clear that the presence of SQDG is not universal in the genus Labrenzia.
DNA-DNA hybridization was carried out to evaluate the genomic DNA relatedness between strain YC6927
T and closely related strains of Labrenzia. DNA-DNA hybridization was performed using the procedure of Park et al. (2011) (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
The genera Stappia and Labrenzia cannot be clearly differentiated except by differences in polar lipid and fatty acid profiles (Biebl et al., 2007) . However, it seems that the differences in polar lipid and fatty acid profiles are not sufficient to differentiate the two genera clearly. Additional studies of further strains of these genera will resolve their differences. Strain YC6927 T was distinguishable from Stappia stellulata on the basis of 16S rRNA gene sequence similarity, phylogenetic position and several characteristics listed in Table 1 . The results of phylogenetic analysis (Figs 1 and S1 ), physiological and biochemical characteristics (Table 1) , polar lipid analysis (Fig. S2) and fatty acid profile analysis (Table 2 ) supported the affiliation of strain YC6927
T to the genus Labrenzia. Differences in some biochemical characteristics, isolation source, 16S rRNA gene sequence and DNA G+C content and the low DNA-DNA relatedness with related type strains further distinguish this strain from phylogenetically related taxa. Based on the results obtained in this study, it is clear that strain YC6927 T represents a novel lineage of the genus Labrenzia and is distinct from defined species. Therefore, we propose that the strain represents a novel species of the genus Labrenzia, for which the name Labrenzia suaedae sp. nov. is proposed. In addition, an emended description of the genus Labrenzia is proposed on the basis of new data obtained in this study. Biebl et al. 2007 Characteristics are the same as given in the original description of the genus (Biebl et al., 2007) with the addition that indole production and the presence of the glycolipid SQDG are variable among species.
Emended description of the genus Labrenzia
Description of Labrenzia suaedae sp. nov.
Labrenzia suaedae (su.ae9dae. N.L. fem. gen. n. suaedae of Suaeda, referring to the isolation of the type strain from roots of Suaeda maritima).
Cells are Gram-staining-negative rods (0.5-0.8 mm wide and 1.2-2.3 mm long), strictly aerobic and motile by means of a monopolar flagellum. The temperature for growth is 15-37 u C (optimum, 28-30 u C). Grows with 0-9.0 % NaCl (optimum, 0-5 %) and at pH 5.0-10.0 (optimum, pH 7.0-8.0). Catalase and oxidase reactions are positive. Nitrate is reduced to nitrite but not to nitrogen. Does not produce BChl a, and only carotenoid pigments are found. Able to produce indole from tryptophan. Produces siderophores and exhibits plant growth promotion activity (data not shown). Hydrolyses tyrosine, but cannot hydrolyse aesculin, urea, casein, starch, gelatin or Tween 20 or 80. The major isoprenoid quinone is Q-10. The polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylmonomethylethanolamine, an unknown aminolipid, an unknown phospholipid and five unknown lipids. The major fatty acids are summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 14 : 0 3-OH.
The type strain, YC6927
T (5KACC 13772 T 5DSM 22153 T ), was isolated from a root of Suaeda maritima inhabiting a 
